Introduction
Nowadays, there is a tendency to create physiologically functional fatty foods that are characterized by a low content of saturated fatty acids, an increased proportion of polyunsaturated fatty acids, exclusion of cholesterol-containing raw materials, increased biological value, and certain given flavouring properties [1] . Moreover, fatty materials are replaced by vegetable oils, which are the main source of polyunsaturated fatty acids, phospholipids, fat-soluble vitamins, and other biologically active substances [2] . Currently, production of many fat-containing foods is largely based of using modified fats.
Modern methods of modifying edible fats include hydrogenation and hydrointeresterification, chemical and enzymatic interesterification, fractionation, mixing, and blending [3] Among these methods, interesterification is fundamentally distinguished as an instrument of modifying fats to obtain high-quality fatty products without changing the fatty acid composition of fats. The resulting products meet the requirements of healthy nutrition and are appropriate both for direct consumption and for use in the baking industry to produce confectionery, canned food, pharmaceuticals, etc. [4, 5] . Interesterification requires to apply catalysts, among which the most common are sodium ethoxide and sodium methoxide. The use of these substances is associated with many difficulties [6] , thus making it expedient to develop and introduce new effective and more affordable catalysts for interesterification of fats.
Analysis of previous studies and statement of the problem
Sodium methylate and sodium ethoxide, which are used in the food industry as catalysts for interesterification of fats, have several shortcomings, including permanent lose of catalytic activity even during a short time of storage or transportation. They are quite dangerous substances in terms of safety. These compounds have high reactivity even at room temperature and can create explosive dust [7] . According to current research, the risk of fires and explosions at industrial plants is a topical issue that requires a detailed study of the working conditions and the use of substances needed in production processes [8] .
Chemical interesterification of oils and fats also involves the use of alkali metals (sodium and potassium) and alkali metal hydroxides (sodium or potassium). Alkali metals have high reactivity and quickly lose their catalytic activity. Alkaline hydroxides are less active than the alkali metals, their alloys and alkoxides, and, therefore, require higher process temperature (above 150 °C), which may lead (albeit to a small extent) to undesirable secondary processes such as the formation of transisomers of fatty acids [9] . In [10] , zirconium compounds are studied as possible catalysts for interesterification of fats.
In [11] , sodium glycerate is described as an expedient catalyst in the interesterification reaction of rapeseed oil with methanol to produce biodiesel, since the cost of this catalyst is much less than that of traditional alkaline catalysts.
A comparison of the effectiveness of using sodium methylate and potassium as well as sodium hydroxide and potassium as catalysts for interesterification has proved that much of hydroxides of both sodium and potassium is spent on saponification of fatty material, which reduces the degree of converting triacylglycerols in the reaction of interesterification; thus, it is necessary to choose such catalysts that would minimize soap formation [12] .
Among the existing catalysts, the most active is the classic one -sodium methylate, though its production and use are complicated by explosion and fire risks [13] . Therefore, the suggested alternative method of producing this catalyst, with sodium hydroxide and non-volatile, non-toxic substancespolyols; the derived product is sodium methoxide with a small amount of sodium hydroxide [14] .
Thus, it is still necessary to solve the problem of producing and using an effective, more accessible and safer catalyst for interesterification of fats.
Research aim and objectives
The aim of the research is to determine rational conditions of interesterification of fats with potassium glycerate. In view of the aim, it is important to achieve the following objectives:
-to carry out the interesterification reaction of palm olein in the presence of potassium glycerate according to each experiment in the planning matrix;
-to study the initial and interesterified samples of palm olein by differential scanning calorimetry (DSC) and to determine the characteristics of melting and crystallization of each sample; -to make a comparison of the data on the melting temperatures of the samples determined in an open capillary and by DSC;
-to reveal the optimal conditions for the process of interesterification of fats in the presence of potassium glycerate.
Materials and methods of studying the rational
conditions of the interesterification process
1. Experimental materials and equipment
In this study, the following reagents and materials were used:
-palm olein -refined, bleached, and deodorized accord- 
2. Research methodology
Temperature, process duration and catalyst concentration are the key parameters of carrying out interesterification reactions that affect the completeness of the process in the initial fat. Since the change in the melting temperature of palm olein corresponds to the change in the triacylglycerol content as a result of ineresterification [15] and if the interesterified substance is palm olein for which the melting point has increased by (12) (13) (14) °C, the use of the melting point as an initial parameter helps control the effectiveness of the process. At each point of the experiment, there is a variation of the selected factors revealing varying extents of reaction and different melting temperatures for palm olein. The use of a central composite design (CCD) of the second order orthogonal plan allows obtaining a nonlinear model of the process by which it is possible to set the optimum output parameter values for certain input variables. After the reaction, the catalytic residue was removed by means of adsorption purification, using an adsorbent Tonsil Standard 310 FF at a temperature of 90 °C, with the adsorbent dosage of 2 % by the weight of olein.
The melting point of palm olein was determined in an open capillary (the flow point) in accordance with ISO 6321:2003 (ISO 6321:1991, IDT). The DSC study of palm olein was conducted according to the relevant guidance on the use of differential scanning calorimeters. Table 1 shows the basic level and the intervals of varying the factors, whereas Table 2 reflects the experimental (y exp ) and calculated (y calc ) values of the response function. Table 1 The main level and intervals of varying the parameters of interesterification The processing of the obtained data had resulted in calculating the regression relationship between the melting point of palm olein and the process parameters. The assessment of the significance of regression coefficients was performed by Student's t-test (the tabular value, provided that 0.05 is significant, is 4.3 [16] ). Table 3 shows the values of the calculated Student's t-test for each coefficient of the regression equation.
The results of studying the rational conditions of interesterification in the presence of potassium glycerate
An importance condition for a factor to be judged as significant is that the values calculated by Student's t-test should be higher than the tabulated ones. Thus, the significant coefficients are those that have the variables х 0 , х 1 , х 2 , х 3 , х 1 ·х 3 , and х 1 2 . The regression dependence in the natural values of the variables is the following: Fig. 1 shows the dependence of the melting temperature of palm olein on the process duration at the fixed values of the process temperature of 115 °C and the catalyst concentration of 0.5 %. Fig. 2 reflects the palm olein melting temperature dependence on the process temperature at the fixed value of the process duration of 1.5 hours and the catalyst concentration of 0.5 %. Fig. 3 specifies the palm olein melting temperature dependence on the catalyst concentration at the fixed value of the process duration of 1.5 hours and the process temperature of 115 °C. The intervals of varying the factors were selected according to the modes of interesterification of fats in the food industry in the presence of the most common catalysts -sodium methylate and sodium ethoxide. To improve the efficiency of the process, it is necessary to raise the temperature, extend the process duration, or increase the catalyst dosage. The use of the catalysts is aimed at reducing the process duration and temperature. Oils and fats can be interesterified at a temperature of at least 250 °C, without a catalyst, but in this case the process is very slow and accompanied with other undesirable processes (isomerization, polymerization, and degradation) [3] . The graphic dependences shown in Fig. 1-3 can produce a conclusion that the maximum melting temperature of palm olein observed was 100 °C when the process had lasted for about 1.5 hours and the catalyst concentration was 0.5 %. Since it has been determined that palm olein becomes interesterified if the melting temperature increases by (12-14) °C [15] , the interesterification process can be considered effective at reaching this point of the melting temperatures difference. Thus, the values of the process parameters in which this condition is achieved can produce fat interesterification by using potassium glycerate as the catalyst. In particular, the temperature difference between the initial melting and the interesterified palm olein was observed as exceeding 12 °C when the catalyst concentration, most often used in interesterification, was 0.1 %, at a temperature of 100 °C, and with the process duration of 1.5 hours. Table 3 The estimated values of Student's t-test The initial palm olein and the samples interesterified according to the plan were studied by DSC, which is a group of methods of physical and chemical analysis to measure various heat processes: chemical reactions, phase transitions, and specific heat capacity [17, 18] .
The undertaken research on the initial and interesterified samples of palm olein by using differential scanning calorimetry has resulted in a DSC thermogram revealing several peaks of melting and crystallization, with numeric values of extremes on the curve. The melting points of palm olein obtained in an open capillary were compared with the maximum temperature peaks on the melting curve of the DSC thermogram for each sample. The data are presented in Table 4 (sample No. 0 is the source palm olein, samples No. 1 to 15 correspond to the plan of the experiment, and the results on the melting temperatures for these samples are shown in Table 2 ). Fig. 4 shows a typical appearance of the DSC thermogram obtained for initial palm olein.
Thus, the biggest difference between the melting temperatures in a capillary and the temperature peaks is observed for highly-fusible samples having a melting point of 39 °C. Moreover, the peak temperature on the DSC thermogram exceeds in these cases the temperature determined in the capillary. Furthermore, using the obtained data, it is possible to estimate the cost of the resources and to make use of the properties of the raw materials to be processed. According to the obtained DSC thermograms, each sample is characterized by several peaks of phase transitions as a multi-component system consisting of triacylglycerol groups with different characteristics of melting and crystallization. Thus, it is possible to observe changes in the characteristics during the interesterification reaction. A significant difference between the melting points for highly-fusible samples measured in a capillary and the maximum temperatures of the peak extremes on the melting curve indicates that the flow point in the capillary is fixed under conditions of incomplete fusion of the sample. For samples with a melting point below 39 °C, there is a difference between the capillary melting temperatures and the melting peaks, but it is much smaller. In this respect, the flow points can be both below and above the extreme value of the melting peaks. The present study has considered a wide range of values of the basic parameters in the interesterification process -temperature, duration, and catalyst concentration. This has made it possible to establish the conditions under which there is maximum completeness of the reaction that appears to change the melting temperatures for the model material used -palm olein. The research results can help make efficient use of resources and materials for interesterification, taking into account that the maximum melting temperature of palm olein has been observed at multiple values of each parameter. This allows choosing a shorter duration and lower temperatures as well as reducing the loss of the catalyst to achieve maximum efficiency of the process. Previous studies, for example [19] , attempted to determine changes in the performance of potassium glycerate as the catalyst on the basis of the process temperature and duration when the concentration of the catalyst was 0.1 %. It was determined that the palm olein melting point taken as a response function was maximum at the process temperature of 115 °C and for a duration of 1.5 hours. However, the study revealed that the melting temperature under these conditions can be below the maximum; according to the research findings, the melting point can rise along with increasing values of the considered parameters (temperature and duration). Therefore, the decision was made that the interesterification factors should include concentration of the catalyst. Thus, the present study has been subsequent work aimed at finding rational conditions of the interesterification process.
Conclusion
1. Taking into account each point of a central composite design (CCD) of the second order orthogonal plan, a palm olein interesterification reaction was held in the presence of potassium glycerate, and the value of the output parameterthe melting point -was determined for each sample in an open capillary (the flow point).
2. The undertaken research on the initial and interesterified samples of palm olein by using differential scanning calorimetry (DSC) has revealed changes in the characteristics of the phase transitions in the samples of fat that was interesterified under various conditions; groups of triacylglycerols having different properties were found to appear and disappear in the samples as a result of interesterification under different conditions.
3. The biggest difference between the melting temperatures in the capillary and the maximum temperature peaks on the curves of DSC thermograms describing the process of melting is observed in highly-fusible samples for which the temperature of the extreme peak of the complete meltdown in the DSC thermogram exceeds the corresponding temperature specified in the capillary. There was an increase in the difference between the melting point of the palm olein samples in the open capillary and the DSC-determined thermogram when the melting point of the sample increased.
4. The study has determined that the maximum melting temperature of palm olein occurs during the interesterification process at a temperature of 100 °C, with the process duration of 1.5 hours, and with the catalyst concentration of 0.5 %. For effective interesterification, it is possible to choose conditions that would be the most appropriate in each particular case depending on the required properties of the product and the needs of a particular enterprise. For example, the temperature difference between the initial melting and the interesterified palm olein was observed as exceeding 12 °C when the catalyst concentration, most often used in interesterification, was 0.1 %, at a temperature of 100 °C, and with the process duration of 1.5 hours.
